In order to present our experience with 10 cases of renal epithelioid angiomyolipoma (EAML) and validate the applicability of Ki-67 (proliferation marker) for EAML, we reviewed medical records of 10 consecutive cases diagnosed EAML from January 2005 to February 2012 at our department. Clinical data were collected and analyzed and pathology slides were reviewed. The immunohistochemical reactions for Ki-67 were performed and tumors showed positive expression were estimated. Active follow-up was performed to investigate the association between Ki-67 expression and the prognosis. The mean age and tumor size of the patients was 43.6 years (range 32-56) and 8.2 cm (range 2-15 cm), respectively. Seven were females while three were males. Radical nephrectomy was performed in 6 patients, partial nephrectomy in 3, and renal artery ligation in 1. The immunohistochemical reactions for HMB-45 (Human Melanoma Black), SMA (Smooth Muscle Actin) were positive but for S-100 were negative. The number of patients showing positive/negative Ki-67 expression was 5/5. The survival rate of the positive group was 20% (1/5) while 100% (5/5) of the negative group during the median follow-up time of 26.75 months (range 1-53). Recurrence, metastasis and death due to disease occurred in 1 (10%), 3 (30%) and 4 (40%) patients, respectively. Higher expression (positive) of Ki-67 indicates the presence of EAML and poor prognosis of patients. Surgical excision including radical and partial nephrectomy is a considerable approach to the treatment for its malignant potential.
Renal angiomyolipoma (RAML) was first described by Fischer in 1911, and named by Morgan in 1951 [1] . On the basis of autopsy and population studies, the incidence rate of RAML has been estimated at 130 per 100,000 adults approximately [2] . RAML is a mesenchymal tumor of the kidney composed of blood vessels, muscle and fat. Classic renal angiomyolipoma (AML) follows a benign course in most cases. In contrast to the classic type, the epithelioid variant is mentioned with emphasis for its potentially aggressive behavior in the new edition of the 2004 WHO classification of renal tumors [3] . The epithelioid angiomyolipoma (EAML) comprises <1% of all renal epithelial neoplasms [4] and about 7.7% of renal angiomyolipoma [5] . As in most published studies about EAML were rare cases, only the clinical and pathological characteristics is still unclear.
Recently, Ooi and colleagues evaluated the use of Ki-67 in the pathological diagnosis of two cases of EAMLs demonstrating that both were strongly positive for Ki-67 while all four classic AML were completely negative [6] . However, during our clinical practice, we found that certain EAMLs would show variable nuclear staining of Ki-67 marker indicating even different prognosis of patients. Herein, we will present our experience with 10 cases with clinical and pathological characteristics of EAML and investigate the association between Ki-67 expression and the prognosis.
Patients and methods
The medical records of patient presented with renal tumors from January 2005 to February 2012 were reviewed retrospectively. A total of ten patients underwent surgical treatment for the tumor and diagnosed as epithelioid angiomyolipoma at our department. Clinical data were collected and analyzed, including age, gender, clinical symptoms, tumor size and location, imaging study, treatment strategy.
The previous pathology slides with histopathological and immunohistochemistry reports were also reviewed. Representative formalin-fixed, paraffin-embedded blocks of tissue were obtained from all the 10 cases. Four-millimikron-thick sections were routinely stained with haematoxylin and eosin. The immunohistochemical reactions for HMB-45 (Human Melanoma Black), SMA (Smooth Muscle Actin), S-100 and Ki-67 were performed to detect EAML. More than 5% of cells showing staining were considered positive and the number of patients showing positive expression was estimated.
Active follow-up was performed in these patients. According to the survival status, patients were divided into two groups: living and dead. The association between the clinical and pathological characteristics and the prognosis was evaluated.
Analysis of data was performed with Statistic Package for Social Science (SPSS) 18.0 software. The comparisons of the general information such as age and tumor size between the two groups used Independent Sample T-test while gender and the tumor location were analyzed with Chi-square test. What's more, the role of Ki-67 in predicting the prognosis was assessed using Kaplan-Meier analysis and with Log Rank test. Any P < 0.05 was considered to indicate statistically significant differences.
Results
The mean age of the ten patients was 43.6 years (range 32-56) while the mean tumor size was 8.2 cm (range 2-15 cm), respectively. Seven were females while three were males (Female/Male Ratio was 2.3:1). The tumor was identified incidentally at a routine medical checkup in 3 patients; 5 presented with osphyalgia; 1 with fever and 1 with abdominal mass and constipation. Two patients underwent the complication of tuberous sclerosis complex (TSC) and both died within the follow-up time. Magnetic resonance imaging (MRI) could detect the characteristic high signal intensity of fat on T1-weighted image (Fig. 1) . Computerized tomography (CT) before operation was performed in all ten patients. It could show a massive renal tumor with intermediate to low signal intensity and heterogeneous enhancement with different density of blood vessel, smooth muscle, and mature adipocytes, which was helpful for the diagnosis (Fig. 1) .
Of the ten patients underwent surgical treatment for the tumor, in six cases was performed radical nephrectomy while in 3 with nephrectomy and renal artery ligation in 1 patient. All tumors were unilateral occurred in the left kidney in 6 patients while 4 in the right one. During the median follow-up time of 26.75 months (range 1-53, mean 25.90 months), recurrence and metastasis occurred in 10% (1/10) and 30% (3/10) of the patients, respectively. One female patient with local recurrence underwent radical nephrectomy as the first treatment and tumor resection for the recurrent tumor (Fig. 2) . Unfortunately, she died 2 months later after she left our hospital. Moreover, one patient died of liver metastasis while 2 of lung (Fig. 2) . Of the ten patients, all the four having recurrence or metastasis died and the other six survive free of disease until to date.
The comparisons of the general information between the surviving and dead groups are shown in Table 1 . The confirmed in the future. mean tumor size (the greatest diameter) of the dead group ((128.75±29.55) mm) was larger than that of the surviving one ((50.83±30.07) mm, P=0.004). The mean age of the dead patients was approximately 10 years elder than that of the surviving ones. However, there were no statistically significant differences (P=0.079). Other clinical characteristics were uneventful with no statistically significant differences (P > 0.05). In all cases was performed microscopical examination. The tumors were predominantly composed of epithelioid cells, which were full of abundant eosinophilic cytoplasm. And, there were variable proportion of thick-walled blood vessels and adipocytes and scattered multinucleated giant cells. Nuclear pleomorphism and mitosis were seen and often hemorrhage and necrosis appeared. In certain cases, tumor thrombosis could be discovered in the blood vessels (Fig. 3) . The immunohistochemical results showed that HMB-45 and SMA were all positive yet S-100 was negative. However, the percentage of the cells showed strong nuclear staining with Ki-67 varied (range 1%-50%) (Fig. 3) . The number of patients showing positive/negative Ki-67 expression was 5/5. The survival rate of the positive group was 20% (1/5) while 100% (5/5) of the negative group. Kaplan-Meier analysis confirmed patients with positive Ki-67 expression would have worse prognosis than that with negative one with Log Rank test (P=0.016) (Fig. 4) . 
Discussion
Renal AML occurred in two distinct groups of population. In patients without TSC, renal angiomyolipomas can be unilateral and are mostly in females from 40 to 70 years old. In the current study, the female/male ratio was 2.3:1 which indicated that women comprised the majority of this disease. On the other hand, angiomyolipomas are detected in approximately 40-80% of patients with TSC and are mostly bilateral and asymptomatic [7] . The age and gender of patients are uneventful. However, patients with TSC underwent malignant endpoint more frequently [8] . In our series, there were 2 patients (20%) with TSC and both of them died of tumor metastasis.
The diagnosis of malignant EAML depends on radiographic imaging and histopathologic examination. Radiographic imaging alone is able to approach the initial diagnosis of AML, while the histopathologic examination helps to confirm the final diagnosis of EAML. The numerous fat-nonfat interfaces with ultrasonography produce an intensely echogenic lesion. Quantifying these echoes with computer assistance may aid in the discrimination of AML from other renal neoplasms. CT scan can detect fat densities (-80 to -20 Hounsfield units) within the tumor, and the presence of fat is essentially pathognomonic for AML [9] . In our settings, CT scan before surgery could show a massive renal tumor with intermediate to low signal intensity and heterogeneous enhancement with different density of blood vessel, smooth muscle, and mature adipocytes, which was helpful for the diagnosis. The characteristic high signal intensity of fat on T1-weighted image of MRI scan will also assist in the diagnosis. However, as the presence of bleeding in any renal tumor will mimic the typical pattern of AML, MRI alone should not be considered for the final diagnosis of AML. If fat could not be detected in the lesion using imaging studies, the tumor should be treated as malignant until a histopathologic diagnosis.
As for the histopathologic results of the microscopical examination with haematoxylin and eosin staining, malignant EAML is epithelioid smooth muscle cell in predominance with polygon shape, nucleus pleomorphism with atypical hyperplasia and sporadic mitosis. In certain cases, tumor thrombosis could be discovered in the blood vessels. With regard to the immunohistochemical examination, in renal angiomyolipoma, the epithelioid cells have preferential staining patterns for melanoma-associated proteins for HMB-50, NKI/C3, and tyrosinase in addition to HMB-45 [10] . Meanwhile, the epithelioid and adipocytic cells were CK, S100, and renin negative [10] . Therefore, HMB-45 and CD-68 positivity combined with cytokeratin negativity are of paramount importance for the correct diagnosis [11] . Positive Desmin and SMA expression will also help to lead to a convincing result [12, 13] . These markers are very useful in discriminating between the AML and renal cell carcinoma, which is consistently negative for melanomaassociated markers and positive for epithelial markers [6] . In our series, the immunohistochemical results showed that HMB-45 and SMA were all positive yet S-100 was negative confirming the diagnosis of AML. However, these markers lack of convincing proof to diagnose the epithelioid sub-type. Therefore, it is necessary to find out an appropriate marker to discriminate epithelioid AML from classic type and to predict the prognosis accordingly.
The value of Ki-67 as a prognostic indicator has been established for breast cancer, soft tissue tumors, lung cancer, astrocytoma, and meningioma [6] . In 2004 and 2005, Chandrasoma and Quek demonstrated that higher Ki-67 expression occurred in the EAMLs, and Chandrasoma also suppose that it is a feature for the malignant types [14, 15] . Ooi and colleagues evaluated the use of Ki-67 in the pathological diagnosis of two EAMLs demonstrating that both cases of EAML were strongly positive for Ki-67 while all four classic AML were completely negative [6] . However, in Ooi's research, as only two patients were included, there might be a bias for the conclusion. What's more, during our clinical practice, we found that certain EAMLs would show variable nuclear staining when performing with Ki-67 marker. Whether this difference have influence on the prognosis of patients with EAML is still unclear. Therefore, in our series, we separated ten patients into two groups according to the expression status of Ki-67 to investigate the association between Ki-67 and patient's prognosis. The Kaplan-Meier analysis revealed the survival rate of the positive group was 20% (1/5) yet patients in the negative group were all alive (5/5) during the follow-up time. There was statistically significant difference between these two groups with Log Rank test (P=0.016).
The treatment strategy of EAML varied based on the individual patient. The size of the tumor may indicate the future course. Nese et al. suggested tumor size >7 cm be a important prognostic parameter in predicting the disease progression [16] . In our series, patients of the living group had smaller tumor ((50.83±30.07) mm) than that of the dead ones ((128.75±29.55) mm). As for the tumors smaller than 10 cm, the surgical processes including partial nephrectomy and or radical nephrectomy could be selected depending on the condition of patients. However, radical nephrectomy is recommended as the first choice when an EAML larger than 10 cm is detected. If patient's conditions permitted, adjuvant therapy is also welcomed. Once EAML have metastasis at diagnosis, systemic therapies including expectant treatment, selective arterial embolization, radical nephrectomy, partial nephrectomy, and follow-up regimen similar to that for renal carcinoma are considered. Whether targeted molecular therapy will show its outstanding impact on the EAML in prolonging the survival time, additional research on this issue is needed in the near future. Generally, classic renal angiomyolipoma follows a benign course in most cases yet may have alarming properties: nuclear pleomorphism and mitotic activity, extension into the vena cava (IVC), and spread to regional lymph nodes, without malignant progression [2, 17] . Mittal et al. reported a case of a benign renal AML with a tumor thrombus to the IVC, at 1 month after surgery, no thrombus within the IVC was detected with abdominal ultrasound and CT scan of the abdomen at 3 months post-operatively showed no evidence of recurrence [18] . However, patients who suffered from EAML would not be that fortunate. It presents a potentially malignant behavior in the clinical surveillance. A clinicopathologic study of 41 cases showed that recurrence and metastasis were seen in 17% and 49% of patients; 33% of patients died of disease [16] . Varma et al. reviewed 10 articles describing the clinical course of renal EAML found that almost all of the patients described, for whom there was a follow-up available, died of neoplastic progression of the disease [17] . The most common metastatic sites included the liver (63%), lung (25%), and mesentery (18.8%) lymph node involvement happened in 24% of patients [16] . In our series, during the median follow-up time of 26.75 months, local recurrence developed in 1 patient and 2 patients were with lung metastasis while 1 in liver. All of them died of this disease in a few months. We considered that once recurrence or metastasis occurred, patients would follow a worse course with poor prognosis.
Tables
There were several strengths and limitations of this study. On one hand, we conducted a comprehensive study of several common clinical characteristics of this rare disease. On the other hand, we led an investigation and validation of the relationship of Ki-67 expression and patients' prognosis. However, as certain cases of this disease progress rapidly, we were unable to perform a comprehensive adjuvant therapy strategy after the surgery. Moreover, since the sample size with ten cases in analyzing the data is a pilot study, more clinicopathologic evidences should be confirmed in the future.
